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Abstract 
Here, we investigated the interrelationship between pressure and correlation in the LaFeAsO 
compound by the density functional theory method combined with the dynamical mean field 
theory (DFT+DMFT) method. The spectral function and the occupation number (ON) of Fe-3d 
orbitals at different pressures were extracted from the calculations, and the importance of the role 
of correlation in superconductivity in iron-based compounds was indicated. The measured ON of 
Fe-3d orbitals demonstrated charge transfer between them and also the crucial role of the Fe-
3dxy (xy) orbital in superconductivity in these materials. A switching behavior between high and 
low TC through decreasing the correlation was observed in our calculations, originating from the 
orbital switching. This shows the significant role of the orbital degrees of freedom in iron-based 
superconductors. 
Keywords: DFT+DMFT method; Iron-based superconductors; Pressure; Electronic structure; 
LaFeAsO. 
1. Introduction 
Since the discovery of superconductivity in the iron-based compound of LaO1-xFxFeAs with a 
transition temperature (Tc) of 26 K [1], this branch of research becomes one of the most exciting 
fields in physics. Several parent compounds of these materials, such as LaFeAsO, BaFe2As2, 
LiFeAs, and FeSe etc., have been found and explored in these years [2–5]. Chemical substituting 
(i.e., doping with F [1] or H [6]) and applying a high pressure [7] on the parent compound (i.e. 
LaFeAsO) lead to superconductivity (SC) in this class of materials. The pressure significantly 
alters the magnetic, structural, electronic, and superconductivity properties of these systems [8–
17]. It seems that studying of pressure in iron-based compounds is very important for finding the 
cause of superconductivity in them.  
In these materials, Tc is very sensitive to the application of external pressures on them. 
Applying an external pressure on LaFeAsO1-xFx [18] and LaFeAsO1-xHx [19] increases Tc to 43 
and 52 K, respectively. The increase is caused by the enhancement of the charge transfer 
between the insulating and conducting layers [13,18,20]. Furthermore in LaFeAsO1-xHx, the Tc 
valley at x=0.21 in the double-dome structure disappears at the ambient pressure, resulting in a 
single-dome structure with a higher Tc [21]. The application of a high pressure on the parent 
compound of LaFeAsO suppresses the magnetic ordering at 20 GPa and changes the crystal 
structure at 30 GPa [8]. A quantum phase transition from the antiferromagnetic phase (AF) to the 
SC one occurs in the heavily hydrogen-doped LaFeAsO1-xHx compound under the 3 GPa 
pressure [17]. A density functional theory (DFT) study on the undoped LaFeAsO compound 
shows that the Fe moment drops by a factor of ~3 within the pressure range of ±5 GPa [22]. It 
also predicts that the magnetic order disappears under 20 GPa [22] or 29.5 GPa [23] pressures. 
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The exploration of the electronic structure of these materials under pressure may be very helpful 
in understanding high Tc iron-based superconductors.  
The dome-shaped pressure dependence of TC in the LaFeAsO compound is similar to the 
chemical doping dependence; TC increases under pressure to reach its maximum (21 K) at 12 
GPa and then decreases [7,8,24]. The anionic or pnictogen height (hAs), which is the distance of 
the As atom from the Fe layer, decreases as the pressure increases [8]. It has been reported that 
the optimum TC is found when the FeAs4 tetrahedron is close to the regular shape and the 
anionic height is close to 1.38 A˚ for iron pnictides [25]. Kumar et al. [8] found the optimum TC 
at 1.34 Å in LaFeAsO under pressure. Furthermore, it has been reported that an iso-structural 
superconductivity transition with H doping in LaFeAsO with a sizeable change in the pnictogen 
height increases TC [6]. This shows the sensitivity of both chemical doping and the applied 
pressure to the anionic height, which has a close relationship with correlation in these materials 
[9,26–28]. Kuroki et al [29] showed that the pnictogen height plays an important role as a switch 
between high TC nodeless and low TC nodal pairing. The s-wave pairing dominates for high 
pnictogen heights and the reduction of hAs results in the d-wave pairing. This suggests that the 
correlation between the effect of pressure on superconductivity is very important and crucial for 
tailoring new high TC compounds based on Fe pnictides.  
The density functional theory method combined with the dynamical mean field theory method 
(DFT+DMFT) is very successful in predicting the magnetic, structural, electronic, and 
superconductivity properties of these systems [30–33]. Its emphasis is on the crucial role of 
correlation in these materials.   
Here, we investigated the interrelationship between pressure and correlation in LaFeAsO 
compounds by the density functional theory method combined with the dynamical mean field 
theory method (DFT+DMFT). The spectral function and the occupation number of Fe-3d orbitals 
at different pressures were extracted from calculations, and the importance of the role of the Fe- 
3dxy (xy) orbital in superconductivity in this materials under pressure was indicated.  
2. Method and materials 
We used the charge self-consistent combination of density-functional theory and dynamical 
mean field theory (DFT+DMFT)[34], which is implemented in two full-potential methods, the 
augmented plane-wave and the linear muffin-tin orbital methods (WIEN2K code [35]). DFT 
calculations were done in the WIEN2K package [27] in its generalized gradient approximation 
[Perdew-Burke-Ernzerhof (PBE)-GGA] [36]. The self-energy is added to the DFT output, and 
the DMFT was run. The computations are converged with respect to the charge density, total 
energy, and self-energy. The continuous-time quantum Monte Carlo (CTQMC) method [37,38] 
in its fully rotationally invariant form was used to solve the quantum impurity problem. All 3d 
orbitals, d3z2-r2 (z2), dx2-y2 (x2y2), dxz (xz), dyz (yz), and dxy (xy), were considered as 
correlated orbitals for the Fe site. The self-energy was analytically continued from the imaginary 
axis to the real axis using the maximum entropy method.  
The experimentally determined lattice structures, including the internal positions of the atoms 
for the LaFeAsO compound at different pressures and a low temperature, were used for these 
calculations. The experimental (exp) lattice structures were taken from the work of Kumar et al. 
3 
 
[8] (their supplementary information), as presented in Error! Reference source not found.. In 
all DFT + DMFT calculations, the same Coulomb interaction U = 5.0 eV and Hund’s coupling 
JH = 0.80 eV were used [30]. A fine k-point mesh of 16 × 16 × 7 and totally 3×10
9
 Monte Carlo 
steps for each iteration were used for the non-magnetic phase of LaFeAsO compound at the 
different pressures at 150 K. Structural positions were relaxed by DFT and DFT + DMFT 
methods and the results are reported in Error! Reference source not found.. The DFT 
relaxations were done for the non-magnetic (NM) and the stripe-type antiferromagnetic (AF) 
states. The DFT+DMFT relaxations were done by the method reported by Kristjan Haule and 
Gheorghe L. Pascut for NM states [33].  
Table 1. Structural parameters of LaFeAsO at various pressures and a comparison between 
experimentally reported structures and our optimized structures (obtained using DFT and 
DFT+DMFT).  
 
Parameter 
 
0 GPa 
 
0.5 
GPa 
 
3.3 
GPa 
 
6.3 
GPa 
 
9.2 
GPa 
 
13.4 
GPa 
 
14.5 
GPa 
 
20 GPa 
 
34 GPa 
a (Ǻ) 
b (Ǻ) 
c (Ǻ) 
4.0353 
4.0353 
8.7409 
5.7221 
5.7170 
8.7419 
5.6982 
5.6762 
8.6327 
5.6719 
5.6499 
8.5661 
5.6547 
5.6114 
8.4512 
5.6282 
5.5658 
8.3606 
5.6238 
5.5622 
8.3452 
5.5848 
5.5237 
8.2057 
5.4314 
5.4314 
7.7860 
As z (exp) 
(DFT+DMFT relax) 
(DFT relax, NM) 
(DFT relax, AF) 
0.6512 
0.6564 
0.6381 
0.6473 
0.6651 
0.6582 
0.6384 
0.6476 
0.6620 
0.6588 
0.6402 
0.6481 
0.6563 
0.6580 
0.6410 
0.6483 
0.6554 
0.6598 
0.6428 
0.6489 
0.6545 
0.6609 
0.6445 
0.6495 
0.6549 
0.6611 
0.6448 
0.6497 
0.6566 
0.6623 
0.6468 
0.6507 
0.6567 
0.6665 
0.6533 
0.6548 
La z (experimental) 
(DFT+DMFT relax) 
(DFT relax, NM) 
(DFT relax, AF) 
0.14154 
0.1412 
0.1441 
0.1427 
0.1409 
0.1404 
0.1433 
0.1424 
0.1475 
0.1422 
0.1451 
0.1442 
0.1497 
0.1435 
0.1462 
0.1455 
0.1513 
0.1450 
0.1478 
0.1472 
0.1519 
0.1466 
0.1493 
0.1488 
0.1524 
0.1468 
0.1495 
0.1490 
0.1500 
0.1488 
0.1514 
0.1510 
- 
0.1546 
0.1573 
0.1570 
h(As) (Ǻ) (exp) 
(DFT+DMFT relax) 
(DFT relax, NM) 
(DFT relax, AF) 
1.32 
1.32 
1.21 
1.29 
1.44 
1.38 
1.21 
1.29 
1.40 
1.37 
1.21 
1.28 
1.34 
1.35 
1.21 
1.27 
1.31 
1.35 
1.21 
1.26 
1.29 
1.34 
1.21 
1.25 
1.29 
1.34 
1.21 
1.25 
1.285 
1.33 
1.20 
1.24 
1.22 
1.29 
1.19 
1.21 
d(FeAs-LaO) (Ǻ) (exp) 
(DFT+DMFT relax) 
(DFT relax, NM) 
(DFT relax, AF) 
1.8116 
1.7693 
1.9039 
1.8356 
1.6959 
1.7602 
1.9079 
1.8360 
1.6445 
1.7175 
1.8535 
1.7931 
1.6618 
1.700 
1.8225 
1.7664 
1.6336 
1.6494 
1.7695 
1.7232 
1.6186 
1.6100 
1.7235 
1.7044 
1.6081 
1.6032 
1.7166 
1.7014 
1.5870 
1.5501 
1.6551 
1.6268 
- 
1.3920 
1.4718 
1.5530 
 
3. Results and discussion  
The optimized structural positions calculated by DFT and DFT+DMFT methods are reported 
in ‎Table 1. The DFT results for the NM states for the structural parameters are much different 
from the experimental measurements. The anion height (h(As) is approximately constant at 
different pressures, which is not consistent with measurements. These materials are very 
sensitive to the anion height, which shows that we have to apply methods beyond DFT to these 
materials. The distance between FeAs and LaO planes is overestimated by the DFT method. 
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Decreasing the parameter facilitates the charge transfer between layers and is a very important 
parameter in superconductivity. The relaxed structures by the DFT method for the AF state are 
improved significantly, but a method beyond DFT such as DFT+DMFT could make the results 
much better. Our DFT+DMFT results have a better agreement with experimental measurements. 
The anion height shows the processes reported by experimental measurements and the distance 
between FeAs and LaO planes has a good agreement with experimental measurements. Our 
results show the strength of the DFT+DMFT method in predicting the structural parameters in 
these materials.  
 
 
Figure 1. (Color online). a) The computed DFT+DMFT spectral function and b) its corresponding 
orbital resolved spectral function of the LaFeAsO compound at ambient pressures. z2 and x2−y2 
are in blue, dxz and dyz are in green, and dxy is in red. 
 
The computed DFT+DMFT spectral function of the LaFeAsO compound at the ambient 
pressure and its corresponding orbital resolved spectral function are plotted in ‎Figure 1. For this 
calculation, we used the structural parameter reported by Kamihara et al. [1]. The spectral 
function shows three hole pockets at the center of the Brillouin zone and two electron pockets at 
the zone corner, which is confirmed by previous studies [28,39]. At the center, the outer band has 
mostly the xy character. The middle band is a combination of xz/yz and x2y2 characters, and the 
inner band is mostly composed of the xz/yz character, as it is illustrated in ‎Figure 1-b. The mass 
enhancements were calculated as 2.35, 2.66, and 2.75 for x2y2/z2, xz/yz, and xy orbital, 
respectively, which have a good agreement with Yin et al. work [30]. 
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Figure 2. (Color online) The pressure-dependent imaginary part of self-energy (ImΣ(iωn)) of Fe-3d 
orbitals at a low energy, (a) dz2, (b) dx2−y2, (c) dxz, (d) dyz, (e) dxy and mass enhancement (f) 
m*/m at 150 K. In figure (f), the mass enhancement in different Fe-3d orbitals (left) and the 
anionic height (hAs) (right) showed a similar trend across eight different pressures. The black 
vector at (f) points to the corresponding axis. 
 
The pressure-dependent imaginary part of the self-energy ( Im ( )ni ) of Fe-3d orbitals is 
shown in ‎Figure 2, which shows that ImΣ is very orbital selective. As the pressure increases, the 
ImΣ behavior at low energies becomes more linear, with a slope directly related to the 
quasiparticle mass enhancement, as expected from the Fermi liquid theory. Increasing pressure 
enhances the coherence scale in these materials. In the Fermi liquid theory, the inverse 
quasiparticle (QP) lifetime is defined as the scattering rate Im ( )Z i    , where 
* 1 1
0
( )
( / ) (1 ) |
i i
i
Z m m
i 



 


    can be interpreted as the quasiparticle weight and 
Im ( 0 )i   is the imaginary part of the self-energy at the zero frequency. At the zero temperature, 
when Im ( 0 ) 0i
  , the system is in the coherent phase with an infinite QP lifetime. At a 
constant temperature, ImΣ(i0+) and consequently the QP lifetime are both finite. Therefore, in 
order to identify the coherent QPs, the temperature has to be lower than the QP width, i.e.
Im ( 0 )T Z i    . At P=3.3 GPa, we have Im ( 0 )xyi
  ≃ 0.07 eV and Zxy=0.29 that give 
xy  corresponding to 236 K, which is higher than 150 K and, hence, no coherent quasi-particle 
can be expected. For xz and yz orbitals, the QP width corresponds to a temperature more than 
230 K, which makes them as the former. For x2y2 and z2 orbitals, Im ( )Z i  ≃ 160 k that is 
as order of our calculation, so nearly coherent phase is expected for these orbitals against 
the others. However, for P higher than 3.3 GPa, the system is expected to be at the coherent 
metal phase. For P lower than 3.3 GPa, a temperature lower than 150 K is needed for the 
coherent phase. Therefore, the pressure induces a transition from the incoherent state to the 
coherent state in the LaFeAsO compound.  
6 
 
 The variation of orbital-dependent effective masses, as shown in ‎Figure 2 (f) follows the 
variation of anionic height at different pressure, which confirms the sensitivity of correlation in 
these materials to the anionic height. The increase of the anionic height higher than 1.40 Å 
influences severely on the correlation and enhances the effective mass to 5 for the xy orbital. The 
highest variation in the mass enhancement is for the xy orbital. It changes from 5 at 0.5 GPa to 
1.6 at 34 GPa. The decrease of correlation in these materials helps in increasing the 
superconductivity temperature (TC) to reach its maximum at 12 GPa [8], and then decreases as P 
increases more. In our calculation, the optimum P is next to 13.3 GPa. The mass enhancement 
variation in the range of 13.3 to 20 GPa is very smoothly. This suggests that the other parameters 
play a role in decreasing TC in this region.  
 
 
  
Table 2. The occupation number of Fe-3d orbitals at different pressures.  
P (GPa)\ON n-impurity z2 x2y2 xz yz xy 
0.5 6.25 1.33 1.24 1.22 1.22 1.24 
3.3 6.273 1.32 1.20 1.23 1.23 1.30 
6.3 6.284 1.32 1.17 1.24 1.24 1.32 
9.2 6.281 1.32 1.15 1.24 1.24 1.33 
13.3 6.299 1.33 1.14 1.25 1.24 1.34 
14.5 6.298 1.33 1.14 1.25 1.24 1.34 
20 6.297 1.33 1.14 1.25 1.24 1.34 
34 6.31 1.33 1.10 1.27 1.27 1.35 
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Figure 3. (Color online) The occupation number of Fe-3d orbitals at different pressures (left). The 
Fe-3d occupation number (right). The black vector points to the corresponding axis.   
 
To monitor the variation of Fe-3d orbitals, we computed the occupation number (ON) for Fe- 
3d orbitals at different pressures. ‎Table 2 and ‎Figure 3 present the variation of the ON of these 
orbitals at different pressures. The enhancement of the carrier concentration in 3d orbitals by the 
applied pressure may be caused by the increase of the charge transfer between the inter- and 
intra-planes through the lattice compressions. As determined from our calculations, the highest 
increase and decrease of the ON is for the xy and the x2y2 orbitals, respectively. The variation of 
the ON for three orbitals of xz, yz, and z2 are insignificant for pressures in the range of 0.5 to 
14.5 GPa. It seems that by applying a pressure, we have charge transfer between Fe-3d orbitals. 
The increase P to 14.5 GPa increases (decreases) the ON about 0.1 in the xy (x2y2) orbital. This 
phenomenon guides the system towards the highest TC. This suggests that the charge transfer 
between orbitals plays an important role in TC in these materials under pressure. The ON 
variation in the xy orbital is insignificant for P higher than 13.3 GPa. At pressures higher than 
14.5 GPa, the xz/yz orbital plays the role of the xy orbital and ON are increased in them. The 
fluctuation of the ON at P higher than 14.5 GPa is not in favor of increasing TC. The issue would 
be discussed more in the following. A switching behavior from the xy orbital as the acceptor to 
the xz/yz orbital as the acceptor inverses the slope of the dome-shaped pressure dependence of 
TC. This explains the microscopic origin of the dome-shaped pressure dependence of TC and 
pointed the importance of correlation in superconductivity in these materials.  
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Figure 4. (Color online). The computed DFT+DMFT spectral function of the LaFeAsO compound 
at different pressures, a) 0.5, b) 3.3, c) 6.3, d) 9.2, e) 13.3, f) 14.5, g) 20 and h) 34 GPa.  
 
 
Figure 5. (Color online). The corresponding orbital resolved DFT+DMFT spectral function of the 
LaFeAsO compound at different pressures, a) 3.3, b) 9.2, c) 13.3, d) 20, and e) 34 GPa. f) and g) 
Brillouin zones of simple orthorhombic and simple tetragonal lattice structures, respectively. z2 
and x2−y2 are in blue, dxz and dyz are in green, and dxy is red in the figure. 
 
The computed DFT+DMFT spectral function of the LaFeAsO compound at different pressures 
and its corresponding orbital resolved spectral function are plotted in ‎Figure 4 and ‎Figure 5, 
respectively. The spectral function at 0.5 and 3.3 GPa are not very clear, and hence it confirms 
our discussion that at these pressures, the spectral function is not at its coherent state. As the 
pressure increases, the spectral function goes to its coherent state, and it becomes more clear. At 
a low pressure, the results show three hole pockets at the center of the Brillouin zone and two 
electron pockets at the zone corner, which is in agreement with the spectral function of the 
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compound at the ambient pressure, as discussed before. At the center, the outer band has mostly 
the xy character. The middle band is a combination of xz/yz and x2y2 characters, and the inner 
band is mostly composed of the xz/yz character, as it is illustrated in ‎Figure 5. As the pressure 
increases, the outer pocket becomes smaller, but the middle and inner pockets remain nearly 
unchanged. It means that the xy orbital gets some weight and its hole state decreases. In other 
word, the ON of the xy orbital gains some weight, which is confirmed by our previous 
discussions. At pressures higher than 14.5 GPa, the outer pocket variation is insignificant, as 
opposed to the middle pocket that starts to grow. This is mostly because of the x2y2 orbital that 
loses some weight, as shown before. At 34 GPa, the middle pocket nearly becomes larger than 
the outer pocket at some point, as shown in ‎Figure 6. At pressures higher than 14.5 GPa, the 
degeneracy in the system increases, as shown in ‎Figure 5, which is not in favor of increasing TC. 
Some authors pointed the same results in their research[40], which is caused by doping more F in 
LaFeAsO1-xFx than its optimum.  
At the zone corner, two electron pockets create the Fermi surface (FS). The outer band has 
mostly the xy character and the inner band has the xz/yz character. As the pressure increases, the 
outer pocket gains some weight and grows larger. It helps in better nesting in the FS. Our 
calculation shows that at a high pressure, the size of the hole (electron) pocket decreases 
(increases) and this phenomenon makes a better nesting in the FS until the system reaches its 
highest TC. The main role in this phenomenon is played by the xy orbital. This suggests the 
importance of the fluctuations mediated by the disconnected nesting in the high TC 
superconductors.  
 
 
Figure 6. (Color online) The schematic of the Fermi surface variation by increasing the applied 
pressure.   
 
A schematic of the Fermi surface variation under a high pressure is illustrated in ‎Figure 6. The 
schematic shows the process of FS variation under pressure, deriving from ‎Figure 5. Colors show 
the orbitals that mostly characterized the pockets. Part (a) is extracted from the spectral function 
at 3.3 GPa (‎Figure 5-a). The differences between parts (a) and (b) of ‎Figure 6 are mostly induced 
by variation of the xy orbital. It is in favor of the increase of TC. ‎Figure 6-b is extracted 
from ‎Figure 5-c, which is at the pressure of 13.3 GPa. This pressure is close to the optimum 
pressure. In ‎Figure 6-c, the schematic of the FS of the compound at the pressure of 34 GPa is 
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represented. The x2y2 orbital is the main factor of the FS variation over the pressure range of 
13.3 to 34 GPa. It is not in favor of the increase of TC, and gets the system away from its 
optimum.  
Our calculations demonstrated charge transfer between Fe-3d orbitals in the system, and the 
origins of the phenomenon are different in either sides of the optimum pressure. Before the 
optimum pressure, the fluctuations originate from the xy orbital and after that, they originate 
from the xz/yz orbital. Furthermore, the charge transfer varies the fermiology of the system. This 
phenomenon may result from the disconnected nesting at the FS. Kuroki et al. [41] proposed 
multiple spin fluctuations arising from the disconnected FS as the origin of superconductivity in 
LaFeAsO compounds. Our results show that if it is the cause of superconductivity, the 
contribution of the orbital degrees of freedom must not be ignored.  
Kuroki et al. [29] showed that the pnictogen height plays an important role as a switch between 
the high TC nodeless pairing and the low TC nodal pairing. The s-wave pairing dominates for 
high pnictogen heights, and reduction of hAs results in the d-wave pairing. This result is derived 
from the same assumption as above. A switching behavior between high and low TC through 
decreasing the pnictogen was observed in our calculations, originating from the orbital 
switching, as discussed before. This finding may confirm the work of Kuroki et al.; however, 
here, the orbital degrees of freedom play an important role in this theory.  
4. Conclusions 
In summary, we calculated the electronic structure of the LaFeAsO compound under pressure 
by DFT+DMFT methods. Our results showed a transition from incoherent to coherent states 
when applying pressure. The decrease of correlation when the pressure increases was obvious in 
the mass enhancement graph. The measured ON of Fe-3d orbitals demonstrated the fluctuation 
of electrons between them. At first, mostly the xy orbital plays the role of the acceptor to reach 
its optimum. Then, this role mostly switches to the xz/yz orbital in the area where TC of the 
system decreases. At all pressures, nearly the role of the donor is played by the x2y2 orbital. This 
suggest the crucial role of correlation, which is the cause of the switching between orbitals. Our 
findings may provide a new route towards a better understanding of high TC superconductors.  
Increasing the pressure alters the fermiology of the system. It helps in achieving a better nesting 
at the optimum pressure and then increasing the degeneracy of the system, which occurs mostly 
at the area where system gets way from its optimum. It seems that the degeneracy is not in favor 
of increasing TC in these materials. A switching behavior between high and low TC through 
decreasing the pnictogen was observed in our calculations, originating from the orbital 
switching. This shows the significant role of the orbital degrees of freedom in iron-based 
superconductors.  
Acknowledgement 
We are very grateful to the professor Kristjan Haule for providing the DFT+DMFT code and 
also his tutorials and responses to our questions and comments. We also thank Dr. Gheorghe L. 
Pascut for his tutorials and comments.  
 
11 
 
 
References 
[1] Y. Kamihara, T. Watanabe, M. Hirano, H. Hosono, Iron-based layered superconductor 
La[O1-xFx]FeAs (x= 0.05-0.12) with Tc = 26 K, J. Am. Chem. Soc. 130 (2008) 3296–
3297. doi:10.1021/ja800073m. 
[2] J. Paglione, R.L. Greene, High-temperature superconductivity in iron-based materials, Nat 
Phys. 6 (2010) 645–658. http://dx.doi.org/10.1038/nphys1759. 
[3] P. Dai, J. Hu, E. Dagotto, Magnetism and its microscopic origin in iron-based high-
temperature superconductors, Nat Phys. 8 (2012) 709–718. 
http://dx.doi.org/10.1038/nphys2438. 
[4] G.R. Stewart, Review- Superconductivity in iron compounds, Rev. Mod. Phys. 83 (2011) 
1589–1652. doi:10.1103/RevModPhys.83.1589. 
[5] H. Hosono, K. Kuroki, Iron-based superconductors: Current status of materials and 
pairing mechanism, Phys. C Supercond. Its Appl. 514 (2015) 399–422. 
doi:10.1016/j.physc.2015.02.020. 
[6] S. Iimura, S. Matuishi, H. Sato, T. Hanna, Y. Muraba, S.W. Kim, J.E. Kim, M. Takata, H. 
Hosono, Two-dome structure in electron-doped iron arsenide superconductors, Nat. 
Commun. 3 (2012) 943. doi:10.1038/ncomms1913. 
[7] H. Okada, K. Igawa, H. Takahashi, Y. Kamihara, M. Hirano, H. Hosono, K. 
Matsubayashi, Y. Uwatoko, Superconductivity under high pressure in LaFeAsO, J. Phys. 
Soc. Japan. 77 (2008). doi:10.1143/JPSJ.77.113712. 
[8] R.S. Kumar, J.J. Hamlin, M.B. Maple, Y. Zhang, C. Chen, J. Baker, A.L. Cornelius, Y. 
Zhao, Y. Xiao, S. Sinogeikin, P. Chow, Pressure-induced superconductivity in LaFeAsO: 
The role of anionic height and magnetic ordering, Appl. Phys. Lett. 105 (2014) 251902. 
doi:10.1063/1.4904954. 
[9] S. Mandal, R.E. Cohen, K. Haule, Pressure suppression of electron correlation in the 
collapsed tetragonal phase of CaFe2 As2: A DFT-DMFT investigation, Phys. Rev. B - 
Condens. Matter Mater. Phys. 90 (2014) 1–5. doi:10.1103/PhysRevB.90.060501. 
[10] J.P. Sun, K. Matsuura, G.Z. Ye, Y. Mizukami, M. Shimozawa, K. Matsubayashi, M. 
Yamashita, T. Watashige, S. Kasahara, Y. Matsuda, J.-Q. Yan, B.C. Sales, Y. Uwatoko, 
J.-G. Cheng, T. Shibauchi, Dome-shaped magnetic order competing with high-
temperature superconductivity at high pressures in FeSe, Nat. Commun. 7 (2016) 12146. 
doi:10.1038/ncomms12146. 
[11] S. Margadonna, Y. Takabayashi, Y. Ohishi, Y. Mizuguchi, Y. Takano, T. Kagayama, T. 
Nakagawa, M. Takata, K. Prassides, Pressure evolution of the low-temperature crystal 
structure and bonding of the superconductor FeSe (Tc=37 K), Phys. Rev. B. 80 (2009) 
64506. doi:10.1103/PhysRevB.80.064506. 
12 
 
[12] A.S. Sefat, Pressure effects on two superconducting iron-based families, Reports Prog. 
Phys. 74 (2011) 124502. doi:10.1088/0034-4885/74/12/124502. 
[13] S. Margadonna, Y. Takabayashi, Y. Ohishi, Y. Mizuguchi, Y. Takano, T. Kagayama, T. 
Nakagawa, M. Takata, K. Prassides, Pressure evolution of the low-temperature crystal 
structure and bonding of the superconductor FeSe $({T}_{c}=37\text{ }\text{K})$, Phys. 
Rev. B. 80 (2009) 64506. http://link.aps.org/doi/10.1103/PhysRevB.80.064506. 
[14] N.F. and H. Takahashi, Electric and magnetic properties of LaFeAsO 1− x H x under 
pressure, Jpn. J. Appl. Phys. 56 (2017) 05FA08. http://stacks.iop.org/1347-
4065/56/i=5S3/a=05FA08. 
[15] R.S. Kumar, Y. Zhang, S. Sinogeikin, Y. Xiao, S. Kumar, P. Chow, A.L. Cornelius, C. 
Chen, Crystal and Electronic Structure of FeSe at High Pressure and Low Temperature, J. 
Phys. Chem. B. 114 (2010) 12597–12606. doi:10.1021/jp1060446. 
[16] S.A.J. Kimber, A. Kreyssig, Y.-Z. Zhang, H.O. Jeschke, R. Valentí, F. Yokaichiya, E. 
Colombier, J. Yan, T.C. Hansen, T. Chatterji, R.J. McQueeney, P.C. Canfield, A.I. 
Goldman, D.N. Argyriou, Similarities between structural distortions under pressure and 
chemical doping in superconducting BaFe2As2, Nat. Mater. 8 (2009) 471–475. 
doi:10.1038/nmat2443. 
[17] N. Fujiwara, N. Kawaguchi, S. Iimura, S. Matsuishi, H. Hosono, Quantum phase 
transition under pressure in the heavily hydrogen-doped iron-based superconductor 
LaFeAsO, Phys. Rev. B. 96 (2017) 1–5. doi:10.1103/PhysRevB.96.140507. 
[18] H. Takahashi, K. Igawa, K. Arii, Y. Kamihara, M. Hirano, H. Hosono, Superconductivity 
at 43[thinsp]K in an iron-based layered compound LaO1-xFxFeAs, Nature. 453 (2008) 
376–378. 
[19] H. Takahashi, H. Soeda, M. Nukii, C. Kawashima, T. Nakanishi, S. Iimura, Y. Muraba, S. 
Matsuishi, H. Hosono, Superconductivity at 52[emsp14]K in hydrogen-substituted 
LaFeAsO1-xHx under high pressure, Sci. Rep. 5 (2015). 
[20] S. Iimura, T. Muramoto, S. Fujitsu, S. Matsuishi, H. Hosono, High pressure growth and 
electron transport properties of superconducting SmFeAsO1−xHxsingle crystals, J. Asian 
Ceram. Soc. 5 (2017) 357–363. doi:10.1016/j.jascer.2017.06.009. 
[21] H. Takahashi, H. Soeda, M. Nukii, C. Kawashima, T. Nakanishi, S. Iimura, Y. Muraba, S. 
Matsuishi, H. Hosono, Superconductivity at 52 K in hydrogen-substituted LaFeAsO1-xHx 
under high pressure, Sci. Rep. 5 (2015) 7829. doi:10.1038/srep07829. 
[22] I. Opahle, H.C. Kandpal, Y. Zhang, C. Gros, R. Valentí, Effect of external pressure on the 
Fe magnetic moment in undoped LaFeAsO from density functional theory: Proximity to a 
magnetic instability, Phys. Rev. B - Condens. Matter Mater. Phys. 79 (2009) 24509. 
doi:10.1103/PhysRevB.79.024509. 
[23] Y. Yang, X. Hu, Effects of pressure on the electronic and structural properties of 
LaOFeAs, J. Appl. Phys. 106 (2009). doi:10.1063/1.3236671. 
13 
 
[24] T. Kawakami, T. Kamatani, H. Okada, H. Takahashi, S. Nasu, Y. Kamihara, M. Hirano, 
H. Hosono, High-Pressure 57 Fe Mössbauer Spectroscopy of LaFeAsO, J. Phys. Soc. 
Japan. 78 (2009) 123703. doi:10.1143/JPSJ.78.123703. 
[25] Y. Mizuguchi, Y. Hara, K. Deguchi, S. Tsuda, T. Yamaguchi, K. Takeda, H. Kotegawa, 
H. Tou, Y. Takano, Anion height dependence of T c for the Fe-based superconductor, 
Supercond. Sci. Technol. 23 (2010) 54013. doi:10.1088/0953-2048/23/5/054013. 
[26] S. Mandal, R.E. Cohen, K. Haule, Strong pressure-dependent electron-phonon coupling in 
FeSe, Phys. Rev. B - Condens. Matter Mater. Phys. 89 (2014) 2–6. 
doi:10.1103/PhysRevB.89.220502. 
[27] M. Aichhorn, S. Biermann, T. Miyake, A. Georges, M. Imada, Theoretical evidence for 
strong correlations and incoherent metallic state in FeSe, Phys. Rev. B - Condens. Matter 
Mater. Phys. 82 (2010) 1–5. doi:10.1103/PhysRevB.82.064504. 
[28] C. Moon, H. Park, K. Haule, J.H. Shim, Origin of doping-induced suppression and 
reemergence of magnetism in LaFeAsO 1 −, Phys. Rev. B. 94 (2016) 224511–8. 
doi:10.1103/PhysRevB.94.224511. 
[29] K. Kuroki, H. Usui, S. Onari, R. Arita, H. Aoki, Pnictogen height as a possible switch 
between high- Tc nodeless and low- Tc nodal pairings in the iron-based superconductors, 
Phys. Rev. B - Condens. Matter Mater. Phys. 79 (2009) 224511. 
doi:10.1103/PhysRevB.79.224511. 
[30] Z.P. Yin, K. Haule, G. Kotliar, Kinetic frustration and the nature of the magnetic and 
paramagnetic states in iron pnictides and iron chalcogenides, Nat. Mater. 10 (2011) 5. 
doi:10.1038/nmat3120. 
[31] M. Aichhorn, L. Pourovskii, A. Georges, Importance of electronic correlations for 
structural and magnetic properties of the iron pnictide superconductor LaFeAsO, Phys. 
Rev. B - Condens. Matter Mater. Phys. 84 (2011) 54529. 
doi:10.1103/PhysRevB.84.054529. 
[32] Z.P. Yin, K. Haule, G. Kotliar, Magnetism and charge dynamics in iron pnictides, Nat. 
Phys. 7 (2011) 294–297. doi:10.1038/nphys1923. 
[33] K. Haule, G.L. Pascut, Forces for structural optimizations in correlated materials within a 
DFT+embedded DMFT functional approach, Phys. Rev. B. 94 (2016) 195146. 
doi:10.1103/PhysRevB.94.195146. 
[34] K. Haule, C.-H. Yee, K. Kim, Dynamical mean-field theory within the full-potential 
methods: Electronic structure of ${\text{CeIrIn}}_{5}$, ${\text{CeCoIn}}_{5}$, and 
${\text{CeRhIn}}_{5}$, Phys. Rev. B. 81 (2010) 195107. 
https://link.aps.org/doi/10.1103/PhysRevB.81.195107. 
[35] P. Blaha, K. Schwarz, G.K.H. Madsen, D. Kvasnicka, J. Luitz, wien2k, An Augment. Pl. 
Wave+ Local Orbitals Progr. Calc. Cryst. Prop. (2001). 
[36] J.P.J. Perdew, K. Burke, M. Ernzerhof, D. of Physics, N.O.L. 70118 J. Quantum Theory 
14 
 
Group Tulane University, Generalized Gradient Approximation Made Simple, Phys. Rev. 
Lett. 77 (1996) 3865–3868. doi:10.1103/PhysRevLett.77.3865. 
[37] K. Haule, Quantum Monte Carlo impurity solver for cluster dynamical mean-field theory 
and electronic structure calculations with adjustable cluster base, Phys. Rev. B. 75 (2007) 
155113. https://link.aps.org/doi/10.1103/PhysRevB.75.155113. 
[38] P. Sémon, C.-H. Yee, K. Haule, A.-M.S. Tremblay, Lazy skip-lists: An algorithm for fast 
hybridization-expansion quantum Monte Carlo, Phys. Rev. B. 90 (2014) 75149. 
doi:10.1103/PhysRevB.90.075149. 
[39] K. Haule, J.H. Shim, G. Kotliar, Correlated electronic structure of LaO1-xFxFeAs, Phys. 
Rev. Lett. 100 (2008) 3–6. doi:10.1103/PhysRevLett.100.226402. 
[40] H.-J. Zhang, G. Xu, X. Dai, Z. Fang, Enhanced Orbital Degeneracy in Momentum Space 
for LaOFeAs, Chin. Phys. Lett. 26 (2009) 17401. doi:10.1088/0256-307X/26/1/017401. 
[41] K. Kuroki, S. Onari, R. Arita, H. Usui, Y. Tanaka, H. Kontani, H. Aoki, Unconventional 
pairing originating from the disconnected fermi surfaces of superconducting LaFeAsO1-
xFx, Phys. Rev. Lett. 101 (2008) 1–4. doi:10.1103/PhysRevLett.101.087004. 
 
